In the previous study, we have shown the consistency between the spectral characteristics of magnetoacoustic emission (MAE) and the effects of uniaxial stress, with an AC magnetic field applied parallel to the stress axis [1, 2) . This is based on the following facts; first, the main contribution to MAE generation is due to the motion of 90 0 domain walls and, second, the uniaxial stress controls the area of 90 0 domain walls through the domain alignment [3) .
The area of 90 0 domain walls decreases monotonically upon the application of tensile stress. At the initial stage of applying uniaxial compression, however, the area of 90 0 domain walls, contributing to the MAE generation, increases up to certain level of compressive stress and begins to decrease beyond that point. The amplitude of MAE burst was seen to follow the above-stated uniaxial stress effects on the area of 90 0 domain walls. More specifically, the MAE amplitude increased upon the application of compressive stress and reached its maximum in a range between -50 to -75 MPa.
An interesting property observed was the asymmetric pattern of MAE burst in the above compressive stress range [2) .
The asymmetry, however, is also a characteristic pattern of MAE burst observed in highly embrittled residual stress-free HY80 steel samples investigated previously even if there exists certain difference in shape [1, 2) As the original purpose of developing the MAE technique is to detect the presence of temper embrittlement in HY80 steel, it is necessary to differentiate the effects of uniaxial stress from that of temper embrittlement. A possible cause of asymmetry in both cases has been assumed to be a lack of applied AC magnetic field strength which is necessary to push the majority of 90 0 domain walls over the potential barriers at the grain boudaries.
To verify this assumption, a series of detailed experiments were, therefore, performed using an AC magnet power supply/amplifier with a considerably higher capacity than that used in the previous study.
EXPERIMENTAL
The experimental procedure for the present study is exactly the same as that in the previous ones [1, 2] except the capacity of magnet power supply/amplifier which was recently upgraded (about .6 to 1.5 kW). The samples selected for this study were an unembrittled HY80 steel sample and a sample which was cut from a U-type railroad wheel. Throughout the present experiment, an AC magnetic field was applied parallel to the uniaxial stress axis and the frequency of the applied field was kept at 20 Hz. Fig. 1 shows the waveforms of MAE spectrum and pickup coil output of the unembrittled HY80 steel sample in the absence of an external load at the maximum level of the new power supply/amplifier output. When compared with the previous results obtained under the same experimental conditions except the applied AC magnetic field strength [1, 2] , the MAE waveform and peak amplitude remain almost the same. The peak amplitude of pickup coil output, however, was noticeably increased and significantly distorted in the present results.
RESULTS
It is well known that the main contribution to the change in total magnetic flux, -d$/dt, which is proportional to the pickup coil output, is from the motion of 180 0 domain walls. At the same time the main contribution to the MAE generation is from the motion of 90 0 domain walls.
These two types of domain walls are, however, coupled together and their motions are not totally independent. A faster motion of 1800 domain walls actually contributes to an increase in the MAC burst amplitude by pulling the 90 0 domain walls over the pinning sites at a higher rate.
Such a tendency, however, levels off if the speed of 90 0 domain wall motion approaches its intrinsic maximum.
The results of Fig.  1 thus indicate that the intensity of an applied AC magnetic field is sufficient to drive the majority of 90 0 domain walls over the potential barriers at the grain boundaries with the absence of applied load. In the present study, the asymmetric MAE burst was seen clearly up to -150 MPa and began to diminish at -175 MPa whereas such a transition occurred at about -100 MPa in the previous study [2] . Hence it is clear that a stronger AC applied magnetic field is needed to create an asymmetry as the magnitUde of compressive stress increases.
The results shown in the next three figures were obtained from the U-type railroad wheel sample. The results in Fig. 7 were obtained without applying external load. The MAE amplitude in this figure is shown to be noticeably smaller than that of HY-BO steel sample shown in Fig. 1 . The application of uniaxial tension reduced the MAE amplitude of this sample as in the case of HY80 sample. The results shown in Fig. 8 for 200 MPa uniaxial tension, however, shows that the tensile stress effect in this sample is not as pronounced as in the HYBO sample [2] . The effect of compressive stress on the MAE burst pattern of this sample was also seen to be small. The MAE amplitude increased slightly as compressive stress amplitude increased. No asymmetric pattern was observed under any compressive stress level and, as shown in Fig. 9 , the two-peak structure began to appear under -175 MPa.
DISCUSSION
The main part of this section is devoted to the explanation of the uniaxial compressive stress-induced asymmetry observed in the HY80 steel sample in the range of compressive stress, say -25 to -150 MPa.
The follow-on discussion will be on the lack of asymmetric pattern of MAE in the HY80 sample under a high compressive stress level and the weak uniaxial stress effects observed in the U-type railroad wheel steel sample.
A simple one-dimensional model of 90 0 domain wall motion was used previously in an attempt to explain the uniaxial compressive stressinduced asymmetry of MAE burst [2] . The weakness of this model is, however, that it could not fully account for a significant aspect; the difference between the asymmetry caused by uniaxial compressive stress from that caused by embrittlement [2, 4] . The previous and the most recent results apparently show that the asymmetry in the MAE burst due to embrittlement is such that the sharp peaks always reside on the trailing edge of the burst [5] . This is exactly opposite to the asymmetry patterns shown in Fig. 2 through Fig. 7 .
The nature of uniaxial stress-induced magnetic domain alignment has been known very well [3] .
Under uniaxial compression, the domains oriented perpendicular to the stress axis is energetically favored and, consequently, a hydrostatic pressure is acting on the 90 0 domain walls as shown in Fig 10. (b) .
Figures 10. (c) through (f) describe schematically the motion of 90 0 domain walls during one half cycle, IHmaxl to -IHmaxl, of the hysteresis loop.
When the applied magnetic field is reduced from its maximum, the 90 0 domain walls are blocked and bent at the pinning sites during their return motion to the original equilibrium positions. Due to the presence of the uniaxial compressive stress-induced pressure on the 900 walls, their motion is asymmetric.
This means that the pressure assists the return motion of the 90 0 domain walls labeled "L" and resists that of 90 0 walls labeled "R". As a result, the rate of movement of 90 0 walls labeled "L" is higher than that of the 90 0 walls labeled "R", as shown in Fig. 10. (c) and (d) .
Based on the above discussion, the sharp peaks in the leading edge of MAE burst occur under uniaxial compression, shown in Fig. 3 to Fig. 7 , are due to the swift motion of 90 0 domain walls labeled "L". The series of MAE events occur during this process, therefore, form a short-lived sub-burst with a large peak amplitude.
The following MAE peaks that form a long and smoother sub-peak are due to the slower motion of those 90 0 walls labeled "R". All these aspects will be reversed for the process of the other half cycle of the hysteresis loop.
Such an argument evidently explains the asymmetry of MAE burst under uniaxial compressive stress. This, however, does not explain directly the restoration of symmetry in MAE burst observed under -200 MPa.
The inapplicability of the two-dimensional model to the results of -200 MPa can be also explained.
The 90 0 domain walls, available for MAE generation with an applied magnetic field parallel to the uniaxial stress axis, disappear under severe compressive stress by the stress-induced domain alignment [3] .
There exist, however, some residual 90 0 domain walls which are blocked by particularly strong potential barriers at certain pinning sites. Upon the application of AC magnetic field these 90 0 walls move up and down the potential barriers. With the presence of compressive stress, the uphill motion of 90 0 walls is enhanced and their downhill motion is slowed down. Consequently, the rate of MAE generation is about the same for the motions of 90 0 walls in both directions, and the MAE burst becomes symmetric. Further increase in the applied AC magnetic field intensity, of course, is expected to cause an asymmetric pattern even under -200 MPa. The results obtained with a U-type railroad wheel sample showed that the uniaxial stress effects on MAE in this type of steel are much smaller compared with that in RyaO steel. Such a small stress effect in this type of steel can be also explained by a weak response of 90 0 domain walls to uniaxial stress and applied magnetic field which is also similar to the situation of RyaO steel sample under -200 MPa.
It is well known that any type of steel with carbon content ranging .4 to .7 wt.% has certain peculiar magnetoacoustic characteristics [6] . Such a peculiarity has been attributed to the strong microscopic residual stresses which tend to inhibit the effects of macroscopic stress on 90 0 domain wall motion. The results obtained with the U-type railroad wheel sample, in Fig. 7 through Fig. 9 , demonstrate that the detailed MAE characteristics vary from one type of steel to another.
It is, however, clear the availability of 90 0 domain wall for MAE generation under uniaxial stress generally applies to the results of the U-type railroad wheel steel sample.
SUMMARY
The present experimental results of RyaO steel samples clearly demonstrate the asymmetry in the MAE burst caused by uniaxial compressive stress when an AC magnetic field is applied parallel to the stress axis. The asymmetric pattern of MAE burst under compression is different characteristically from that due to embrittlement. The origin of such an asymmetry can be explained based on two-dimensional model of 90 0 domain wall motion under uniaxial compressive stress. The symmetry in the MAE burstis.also seen to be restored under -200 MPa due to the restriction on the range of 90 0 domain wall motion.
It is also expected that an application of a more intense external AC magnetic field will cause an asymmetric MAE burst in the RY80 steel sample under -200 MPa and higher.
